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Methods. The article is based on a thorough analysis of data on the development of the digital
economy, obtained from experts, researchers and partners specializing in the collection and
processing of statistical data. The concept proposed in the article is formed based on both the basic
definition of the digital economy and the methodology of measuring its scale basing on the
calculation of added value. The digital economy estimation method is based on the use of national
accounts and reflects the digital economy in the general context of gross domestic product (GDP).

Results. The article examines the role of digital technologies in the socio-economic
development of society. The changes that the modern model of interaction between business and
society undergoes under the influence of digitalization processes are demonstrated. Special attention
is paid to the research of existing systems for measuring the scale of the digital economy. The
possibility of applying an approach to the assessment of the digitalization of the economy, which is
based on the macroeconomic approach of consumption-output, proposed by W. Leontief, is
considered. For its implementation, available data from the system of national accounts were used,
namely: information on sixteen economies in Asia, Europe, North America and the Pacific region,
including Australia. The study identified digitized sectors around the core perimeter of the digital
economy, and predicted that countries with high imports of digital products, as well as industries
that are highly dependent on the functioning of core digital sectors, are likely to have lower digital
economy scores than others.

Novelty. An improved methodological approach to measuring the scale of the digital
economy is proposed, which consists in estimating its share in the total GDP of the country based
on the calculation of the added value of a set of key digital products created within the national
economy.

Practical value. The results of the study are relevant to modern global problems, as they form
a comprehensive statistical perspective of the review of the development of the digital economy.

Keywords: digital economy, measurement framework, GDP, Leontief coefficient, matrix
operations.

Statement of problem. Over the years,
digital technology has advanced at a relentless
pace, resulting in components that are much
smaller, more efficient, and less expensive than
their counterparts.

Digital technologies in the form of
miniature computing, communications and
storage devices now play a prominent role in
modern life. In response, developers, academia,
government, and even private institutions have
begun developing methods to measure
digitization using factual information about
private and public transactions involving digital

goods and services. The collective value of
such products and the resulting interactions is
referred to as the «digital economyy».

The paper provides an analysis of a
simple and practical measurement framework
for the digital economy, fundamentally based
on input-output analysis according to Leontief
(1, p.18), using available national accounts
data. The framework is used by 16 economies
across Asia, Europe, North America and the
Pacific, including Australia, to create an
assessment of the digital economy.
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Survey data also draws on official
statistical agencies that participate in the Bank's
statistical and analytical capacity building
initiatives. Establishing a definition of the
digital economy is an important first step
leading to the development of methods to
measure it (2, p.17).

Although the digital economy may be
considered a recent phenomenon, traditional
national reports and statistics actually offer a
rich source of data to capture the concept.

The measurement method uses national
accounts and reflects the digital economy in the
overall context of gross domestic product
(GDP).

Theoretical background. According to
Dinan and Scheiner, although GDP in general
does not provide a comprehensive measure of
economic well-being, there is no doubt that it
provides information that is closely related to
well-being. (3, p.43).

Thus, measuring the digital economy in
terms of its contribution to the economy's GDP
provides a suitable lower bound for assessing
its welfare effects on the wider economy. In
general, the measurement is made using input-
output analysis, which shows that the value-
added contribution of the digital economy is
given by the total GDP of the digital industry,
plus the part of the GDP of the non-digital
industry that enables the production of the
digital industry.

The Organization for Economic Co-
operation and Development (OECD) and the
United States Bureau of Economic Analysis
(USBEA) have similarly proposed a
measurement method based on national
accounts (4, pp. 35-37). In particular, the
OECD and USBEA propose an approach that
uses a supply and use framework.

The former includes the entire value of
transactions related to digital platforms, as well
as the value of the platforms themselves, while
the latter only calculates margin and broker fees
on such transactions.

Another measurement framework is that
of Brynjolfsson et al, who complement national
accounts statistics by proposing a well-being-
based measurement called GDP-B (5, pp.7250—
7255).

Meanwhile, Huawei and  Oxford
Economics (2017) used digital spillover effects

to estimate the global digital economy, which
they estimate to be $11.5 trillion (6, p.12).

Aim of the paper. The purpose of the
article is to develop a methodological approach
to measuring the digital economy.

Materials and methods. Disaggregating
Gross Domestic Product across Users. We
consider the core evaluative framework of the
digital economy, which defines digital products
as goods and services whose primary function is
the generation, processing and/or storage of
digital data. (7, pp. 31-37).

Primary producers of such products are
considered digital industries. The framework
identifies key digital products that can be
summarized into five main products: (i)
hardware, (ii) software publishing, (iii) web
publishing, (iv) telecommunications services,
and (v) specialized and support services.

The length of time a product group
transitions before becoming purely digital varies
by product concept and life cycle. It can also
vary by location, depending on factors such as
the degree of trade liberalization, the ability to
participate in the necessary stages of production,
and consumer demand.

As for the exact point in time when
virtually every unit of a product group delivered
in a given economy has become digital, a
conservative approximation based on published
research may be the most convenient option.

The models included in the proposed
measurement framework are based on input-

output analysis, mainly using Leontief
coefficients to directly measure sector
interdependence in terms of value added

contribution. The components of the digital
economy measurement framework (Fig. 1).

Finding. We will consider the stages of
deriving the digital GDP equation (GDP = gross
domestic product; t hroughout this report,
digital GDP (or GDPygjgira1) refers to the gross
value-added (GVA) of the digital sector).

Inverse Leontief coefficients, show that
the total output x of a standard input-output table
(IOT) can be briefly represented as a Leontief
function.

Gross outputs x in a standard input-output
table (IOT) can be concisely represented as a
function of the Leontief Inverse. A standard
input-output table (I0T) is generally comprised
of three quadrants (Fig. 2)
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A country’s digital economy'
based on proposed core digital
products classification
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Figure 1: Proposed Digital Economy Measurement Framework
Source: Methodology of the Digital Economy Measurement Framework study team, using Leontief (1936)
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Figure 2: Standard Industry Input-Output Table

Inverse, (1 —A)~1 and final demand, y.
Equation (1) describes this relationship.

x=(1-4)"1y (1)

Further ~ mathematical manipulations
would also allow derivation of a similar
equation for economy-wide GDP (8, pp.78-80).
For brevity, let the Leontief inverse, (1 —
A)~2 B. A direct value-added coefficient vector
is defined as

pa, pga;
X1 X2

P=(p1pz - pu)=( )

where, gpa, j = 1, 2, ...., n, refers to the
gross value-added (GPA) generated by industry
J and x; refers to the gross output of the same

industry j. Thus, each entry in P is the ratio of
industry j‘s GPA to its own output. It is shown
below that pre-multiplying P from Equation (2)
to x from Equation 1 would yield an expression
that calculates economy-wide GDP via the
production approach (Equation 3). 18 Knowing
how to derive economy-wide GDP using the p
By formulation in Equation 6 is the first step in
understanding how a more disaggregated digital
GDRP is quantified (9, p.25).

px=vBYy

— gpa; +gpa; + -+ gpa, =
?:1 Z7=1 Pibij Vi

= economy-wide GDP 3
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The economy-wide GDP that is
calculated using Equation (3) can be further
disaggregated to an n X n matrix where an
industry’s backward and forward linkages can
be derived. In particular, this matrix will show
an industry’s sources (backward linkages) and
destination (forward linkages) of value-added.
In the context of the digital economy, these
sources and destinations respectively refer to

industries on which digital sectors are
p=7: : =~
0 0 Pn

Pre-multiplying p to B and then post-
multiplying the matrix product to g gives the p
B gmatrix in Equation 4, whichisannxn

dependent (10, p.23), and industries that are
enabled by digital sectors. Simple matrix
operations involving the #, B, and y matrices
are performed to get an industry’s backward
and forward linkages. Diagonalizing the direct
value-added coefficient vector from Equation
(2) and the final demand vector results in
matrices p and y below.

EA 0 ... o 1
]; g:lo {fz o0 |

EEEN

matrix that disaggregates the scalar economy
wide GDP across all industries that use and
supply value-added.

[P1 0 - 0 1 [P11 b1z = bin I[Hl 0 O]I
soge |0 P O | o e | [0 s 0|
lo 0 an bni buz =+ bay lo 0 - ynJ
P1ib11y, P1 b1z g, P1bin 9,
P2b2131 P2 b2 Y, P2 ban In
pBy= : : 4)
l Pn bnlﬂl bnz Pn bnn HnJ

Where the rows of the p B g matrix
correspond to the distribution of the use of
added value created from a particular industry
across all industries of the economy. And the
columns correspond to the division of the
contribution of added value of all sectors of the
economy to the production of final goods and
services of a specific industry.

Thus, the summation of all the entries in
the column leads to the cost of the final
products of the industry. A column-by-column
tracing of the p B ¢ matrix shows the lagged
industry linkages.

Quantifying the digital economy in the n-
industrial economy. Consider the case when the
formation of the total fixed capital of the digital
economy is integrated n In an industrial

economy. To illustrate, the dimension of the
vector of ratios, let r be the ratio vector of gfcf
used by the digital industry corresponding to
the final demand. Consequently, this is
diagonalized as r” to form an n X n matrix.

Correspondingly, this is diagonalized as
r’, to form an n X n matrix.

Similarly, the matrix p B & k will have
dimension n X n as shown below:
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[ P1b1ry, P1b12g, P1b1jy; P1bin g, |
b b b,iy. b
P20214; P2 b2z 4, P292j4; P2 bon 9, [kl 00 00 0 1
: : : : [0 k, O 0 0 0|
pByk=| Pibns  Pib2 4, pjbjjg; pj bin 9, g 00 0 kjo 00 8
: : : : 0 00 0 0 O
Pubni,  Pnbnz g, Pnbnjd; Prnbun gl LO 00 0 0 K,
[ k1p1b119, k, p1b12g, kjplbljﬂj knp1 b1y 9]
kipabz19, kopa b2y 9, k; pzszﬂj knpz bon 9,
klpjbj1,91 ky pj bj, I, kjpjbjjﬂj kn pj bjn In
klpnbnlgn ka P bz A k]'pnbnjyj knpn bpn In

The Core Digital Economy Equation. The
core digital economy equation (Equation 6) is
derived by consolidating Equation 5 with the
value of the backward linkage of fixed capital
goods consumed by the digital industry. In

Equation 10, the «agg» subscripts are
suppressed for notational simplicity.
GDPdigital =1 ﬁagg Bagg yagg & *
It (ﬁagg Bagg Hagg )T &1
- [dlg (pagg Bagg 3agg)]T &1 (5)
Equation (5) captures all
contemporaneous  input-output  transactions

with respect to exogenous final demand.

GDPdigital = It ﬁagg Bagg yagg & *
t .o . T
I (pagg Bagg 3agg) & -
[dig (ﬁagg Bagg Hagg)]T g+ - gl)Tﬁagg

Bagg ﬂagg &

GDPyigitar = I'p Bge, +1° (BG) ¢ -

[dig B B)]|"er+U — &)"P Bk &, (6)

The first term -1 fagy Bagg Fugg €1

directly calculates the backward linkage related
to the digital industry while the second term —

It (p.agg Bagg jfagg )T & , gives the forward

linkage. To account for the double-counted
term, the diagonal entry in the p Bg matrix
that corresponds to the digital industry is
removed, which is why
[dig (Pagg Bagg gagg)]T g, is subtracted in

GDP digital. An “eliminator vector” &; is used
to mathematically eliminate entries that should
not be included in calculations.

The n x 1 eliminator vector &, IS post-
multiplied to (I —&;)"p Bgk to arrive at a
value for the backward linkage of fixed capital
goods consumed by the digital industry.

Limitations of the Framework. The
framework presented in this study relies on
official and reliable published secondary data
sources. Therefore, there is a limitation to
ensure consistency and accuracy of all data.

This framework does not include the total
value of online sales of non-digital goods.
Instead, only the value contribution of digital
products (or digital industries) involved in such
transactions is recorded. As the scope of digital
products is at the narrowest level, it excludes
the digitally dependent economy, which
includes the added value of sectors that are
critically dependent on digital sectors.

The measurement framework is flexible
for calculating this. Also, the measurement

ISSN 2709-6459, Exonomiunuii BicHuk JIHinpoBcekoi nomitexHiku, 2024, Ne2 71




ECONOMIC THEORY

framework that estimates the value of the
digital economy as a percentage of national
GDP represents another area of limitation.

2

Since an economy's GDP excludes imports,
estimates of the digital economy also exclude
them (11, p.78).

SN MAL TAP KOR PRC DEN GER

B% of digital sector gross value-added

INO CAN KAZ THA AUS

JPN USA IND

% of digital sector gross output

Figure 3: Imports of Digital Sectors, 2022
Source: Calculations of the Digital Economy Measurement Framework study team, using the 38-
sector Asian Development Bank Multiregional Input-Output Tables 2022.

This may lead to a somewhat
underestimation of the digital economy,
especially for economies with digital sectors
that have relatively high imports, such as
Singapore; Malaysia; and Taipei, China as
shown in the picture.

Conclusion. At this point, the proposed
framework for measuring the digital economy
tries to focus on the emerging products and
industries of the digital age. frame

Measures the digital economy's share of
GDP attributable to the economy's total GDP,
which is accounted for by the contribution of
value added to a defined set of key digital
products, consistent with the digital economy.

Using national accounts data from 16
economies in different regions of the world, the
results are clear. Despite the narrow definition
adopted in the framework, the digital economy
accounts for a significant part of the GDP of all
sampled economies (approximately 2% to 9%).
However, characterizing the role of the digital
economy. Varies in different economies - some
act more as value-added providers in the
economy, while others act as consumers. As
digital technologies play different roles in non-
digital products, measuring the digitally
dependent economy allows for a more

comprehensive understanding of the digital
economy in general. Therefore, economies with
high imports of digital products, as well as
economies with industries that depend heavily
on core digital sectors, are likely to have
smaller digital economy estimates than others.
Digital technologies are transforming the way
businesses operate and how societies interact.
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KIJIBKICHA OLIIHKA ITM®POBOI EKOHOMIKHU 3T'1JIHO 3 ITPOITOHOBAHOIO
CUCTEMOIO BIMUPIOBAHHSA
T. I. Mwsioobaodse, npogecop I opiiicbkoeo depaicasrnozo yrigepcumemy (I pysis)

MeTtopoJiorisi gociaigxennst. Crarts noOyJqoBaHa Ha PETEILHOMY aHAIi31 TAHUX PO3BUTKY
1M (poBOi EKOHOMIKH, OTPUMAHUX BiJ] €KCIEPTIB, AOCTIIHUKIB 1 HapTHEPIB, IO cneu1am3y10Tbc;1 Ha
300pi Ta 00poOIi cTaTHCTUYHMX AaHWX. KOHIemmis, 3ampornoHoBaHa B crarTi, chopMoBaHa 3a
paxyHOK sK 0a30BOro BU3HAYEHHS LU(POBOI EKOHOMIKH, TaK 1 METOAOJOrii BUMIpIOBaHHS ii
MacmTady, 0a30BaHOTO Ha PO3paxyHKY JOAAHOI BapTocTi. MeTo OIiHKKM HU(POBOI €KOHOMIKU
IPYHTY€EThCS Ha BUKOPHUCTAaHHI HAI[lOHALHUX paxXyHKIB Ta BigoOpakae HU(POBY EKOHOMIKY B
3araJlkHOMY KOHTEKCTi BaJOBOTO BHYTPIIIHBOTO npoAykTy (BBII).

PesyabTaTH. Y cTaTTi JOCTIAKEHO POJIh HU(POBUX TEXHOIOTIN Y COIiaTbHO-EKOHOMIYHOMY
PO3BUTKY cycriibcTBa. [IpoIeMOHCTPOBAHO 3MiHH, SKHX 3a3HA€ CydacHa MOJICIb B3aEMOIIT Oi3HeCy
Ta CyCILIBCTBA IiJ] BIUTUBOM MpOIleciB AimKkuTanizaiii. OcoOnuBy yBary npuIijieHO TOCIIIHKEHHIO
ICHYIOYHX CHCTEM BUMIipy MacmTady ¢ poBoi eKOHOMIKH. PO3TIISTHYTO MOKIIMBICTh 3aCTOCYBAaHHS
MiIXO0Ay 10 OIiHKM HUdpoBizalii eKOHOMIKU, KU 0a3yeThbCsli HA MaKPOCKOHOMIYHOMY MiAXOi
BUTPaTH-BUITYCK, 3ampornoHoBaHoMy B. JleonTeeBum. [l Horo imIuieMeHTalli BHKOPUCTaHO
JOCTYIHI JaHI CHUCTEMH HAI[lOHAIbHUX paxyHKiB a came: iH(opMalilo 3a MLIiCTHAAUATbMA
ekoHoMikamu B A3ii, €Bpomi, [liBHiuHI# Amepuini Ta THXOOKEaHCHKOMY pErioHI, BKJIHOYAIOUU
Agctpamito. JlocnipkeHHS TOKa3ano 1leHTH(IKaliio JDKUTATI30BaHUX CEKTOPIB HABKOJIO
OCHOBHOTO TIepuMeTpa MUPPOBOI EKOHOMIKH, a TAKOK MPOTHO3 MIOAO TOTO, IO KPaiHU 3 BETUKUM
IMIOPTOM LM(POBUX MPOAYKTIB, a TAKOXK 3 Taly3sMH, SKi CHIBHO 3aJIeKaTh Bil (YHKIIOHYBaHHS
OCHOBHUX IU(PPOBUX CEKTOpiB, HMOBIPHO, MAaTUMYTh MEHUIl OLIHKU HU(GPOBOI €KOHOMIKH, HIK
1HIIII.

HoBu3na. 3anpomnoHOBaHO yIOCKOHAJECHUW METOMOJOTIYHUN MiAX1 1O BHUMIPIOBAHHS
MacimTady uudpoBoi eKOHOMIKH, SIKWH TOJsATae B OwiHII ii yacTku B 3aransHomy BBII kpainu Ha
OCHOBI OOYMCIIEHHS JI0JaHOI BapTOCTI HAOOPY KIIOUOBUX HU(MPOBHUX IMPOIYKTIB, CTBOPEHUX Y
MeXKax HaI[lOHAJTbHOI €eKOHOMIKH.

MpakTuyna 3HayymicTb. Pe3yiapTaTé AOCHIHKEHHS MArOTh BiJHOIIEHHS JO CyYacHHX
rno0anbHUX MTpoOeM, OCKUIbKH (HOPMYIOTh KOMIUJIEKCHY CTaTHUCTUYHY HEPCIEKTUBY OIJIATY
PO3BUTKY LIUPPOBOT EKOHOMIKH.

Kntrouoei cnosa: nudposa ekoHomika, cuctema BumiptoBanssi, BBII, koedimient JleonTheBa,
MaTpUYHi oreparii.
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